Head movements differ from movements of other body parts in two important ways. Firstly the head is responsible for the directional orientation of the special senses and its movements are influenced by the information these provide. It is, therefore, not unexpected that certain disorders of the special senses may lead to unusual head movements and that disorders of head movement may force unusual conditions upon the special senses. Secondly, the mechanical properties of the head/ neck system, which normally influence head movements, also determine many of the characteristics of abnormal head movements. In this study we examine abnormal head movements and analyse them in terms of these mechanical properties and in terms of their interaction with the special senses.
S U M M A R Y Abnormal head movements have been studied in a variety of diseases using objective recording techniques and the data analysed with respect to the frequency content of the movement. Flopping, nodding, tic, chorea, myoclonic jerks, and most head tremors involve frequencies of approximately 2 and 4 Hz which correspond to the natural fundamental and second harmonic resonances of the head as determined by the mechanical properties of the head/ neck system. These findings provide a basis for classification of abnormal head movements as well as an explanation of the characteristics of those arising from hypotonia of the neck muscles. The similarities between tremor frequencies and natural resonances suggest that in the case of the head, tremor arises from disorders of neural mechanisms normally responsible for the fine control of voluntary head movement and for stabilisation of the head during disturbance of posture. Head movements in cases of congenital nystagmus were found to be of two types. Some were of bizarre waveform, in no way assisted vision, and were taken to be of primarily pathological origin and classified as tremors. Others were learned adaptive responses which assisted vision either by interrupting the nystagmus, as in the case of spasmus nutans, or by compensating for the nystagmus with an inverse waveform and were called nodding. A prerequisite for true compensatory nodding is modified vestibulo-ocular reflex.
Head movements differ from movements of other body parts in two important ways. Firstly the head is responsible for the directional orientation of the special senses and its movements are influenced by the information these provide. It is, therefore, not unexpected that certain disorders of the special senses may lead to unusual head movements and that disorders of head movement may force unusual conditions upon the special senses. Secondly, the mechanical properties of the head/ neck system, which normally influence head movements, also determine many of the characteristics of abnormal head movements. In this study we examine abnormal head movements and analyse them in terms of these mechanical properties and in terms of their interaction with the special senses.
Fundamental dynamics of head movement
Head movements have complicated trajectories be-cause the cervical spine, which is primarily responsible for head movement, is a jointed-rod system with alternative ways of achieving a given displacement (Fielding, 1957; Barnes and Rance, 1974; Viviani and Berthoz, 1975) . This is illustrated in Fig. 1 which shows the trajectories of a point of light on the occiput of a normal human subject during head shaking and nodding at different frequencies. The path the light makes during the down stroke of the head is not necessarily the same as during the up stroke and during severe tremors these differences may become exaggerated. For most of our purposes, however, it may be assumed that the head makes fairly simple rotations about one universal joint.
Secondly, as a mechanical system with viscoelastic properties, the head/neck combination is associated with certain natural resonant frequencies of movement. Barnes and Rance (1974) (Crawford, 1960; Bartz, 1966; Gresty, 1974) and animals (Collewijn, 1977) .
In Fig. 2 , trace B, the subject is asked to make a violent head movement sideways which he would not normally do; as a result the head moves faster and at the termination of the movement produces one cycle of oscillation at a frequency of about 4 Hz. This, for convenience, we have referred to as the second harmonic resonance, but in truth it will have active myogenic components mixed with the passive response.
During everyday activities the tendency of the head/neck system to resonate is damped out. When one considers the high inertia of the head it is evident that the forces responsible for this must be quite powerful.
Subjects and methods
Patients with head movement disorders were surveyed prospectively over a 12 month period at the National Hospital, Queen Square and the Hospital for Sick Children, Great Ormond Street, London. Head movements and movements of other body parts were examined by a photoelectric method previously described (Gresty et al., 1976) . In some patients, eye movements were also recorded using direct coupled electro-oculography. In most cases supplementary use was made of closed circuit video recording.
Classification of abnormal head movements
The head may be affected by any of the five basic types of dyskinesia in Marsden and Parkes' (1973) classification which lists tremor, tic, chorea, myoclonus, and dystonia. However, in addition, the head is subject to two dyskinesias which we call "flopping" and "nodding."
We have previously distinguished two types of (Gresty et al., 1976) , and we classify this as nodding. The other resembles the nystagmus in waveform, and is a true disordered movement probably generated by the same pathological mechanism (Gresty et al., 1978) , and here it is classified as a tremor.
FLOPPING
Flopping is a passive, involuntary movement characterised by transient, exponentially decaying, pendular oscillations, occurring at the end of active head movement or when head posture is disturbed by body movement.
In the normal subject the tendency for the head to resonate is well controlled by damping due to neck muscle tone and by control signals which correct for external disturbances. However, when muscle tone is reduced or the braking signal which arrests movement is inadequate, the head/neck system becomes underdamped and tends to oscillate both at the termination of voluntary movement and when head posture is passively disturbed by other body movements. This produces the appearance of a "floppy head." The head may oscillate in the horizontal or vertical planes; however, gravity contributes to the disturbance in the vertical plane. Sudden loss of labyrinthine function produces a transient reduction of neck muscle tone. Figure 2 During normal visual fixation on a target, the direction of visual fixation is the simple sum of the position of the eyes in the head and the direction in which the head is pointing. The compensatory "doll's head" reflex, which consist of a combination of vestibular and optokonetic reflexes, normally works to preserve the direction of fixation by producing movements of the eyes which are equal in magnitude yet opposite in direction to head movements. The two thus cancel leaving the direction of fixation undisturbed.
The problem of a patient with congenital nystagmus is that his eyes are moving relative to the object of fixation, producing image movement across the retina, thus degrading vision. Firstly, one may consider the effect of head movement on someone with nystagmus who has normal doll's head, and in particular vestibulo-ocular reflexes. As before, the direction of visual fixation is determined by the sum of the position of the eyes in Michael A. Gresty and G. Michael Halmagyi the head and the direction of the head itself. In this case the sum consists of the head movement less the compensatory eye movement plus the ongoing nystagmus. The normal compensatory eye movements, of course, cancel with the head movement leaving the actual direction of fixation still determined by the nystagmus. Therefore, a patient who possesses normal compensatory eye movement reflexes cannot ordinarily use his head to overcome the visual deficiency produced by his nystagmus.
From this analysis it follows that for head nodding to improve vision, as patients testify, the nodding must either (a) diminish the nystagmus by some means, or (b) during the nodding the compensatory reflexes must be radically altered, so that the combination of nystagmus and nodding provides periods of relatively stable visual fixation.
The cases below illustrate these two ways in which head nodding can improve visual fixation. The traces in Fig. 3 (Barr et al., 1976) (Halliday, 1975) . "Jerk" myoclonus consists of rapid, shock-like, at times violent contractions involving one body part at a time and responsive, sometimes excessively so, to sensory input. Figure 6B shows recordings from such a case, a 7 year old girl with a cerebellar and myoclonic syndrome from a degenerative disorder, perhaps a lipidosis. Brief, 4 Hz crescendodecrescendo sinusoidal oscillations occur in response to a loud noise. Jerk myoclonus may be distinguished from flopping of the head in terms of frequency components and response to arousing stimuli (compare traces A and B of Fig. 6 ).
"Rhythmical" myoclonus when affecting the head, closely resembles tremor and is discussed below.
TREMOR
Head tremor is an active, wholly involuntary, sustained pendular oscillation that is related to rest, posture, action, and intention in the same way as limb tremor and occurs in the same diseases.
The Table gives 
Deterioration of head tremor
The postural head tremor of case 3 was observed to deteriorate over a year, and the findings are presented in Fig. 8 . Trace B shows that the tremor was particularly evident with head posture to the left and as in trace A, was sinusoidal in nature when the patient was first examined. The tremor was absent when the patient was lying down. One year later the tremor was no longer a simple sinusoidal movement (trace C) but appeared to be a mixture of frequencies over a wider band, its amplitude had increased slightly and it was present with the head straight. With the head turned to the left the tremor decreased in amplitude considerably and became of very high frequency, with an irregular waveform. The high frequency of the tremor was within the range of the "physiological" variety (Halliday and Redfearn, 1956) . It is likely that the tremor represented in Fig. 8 C is the result of progressive deterioration and that the frequencies contained within reflect the variability in tremor frequencies found in our patients. It was felt that the high frequency tremor of trace D was a newly appearing phenomenon unrelated to the lower frequency tremor and perhaps involving the mechanisms of physiological tremor.
Head tremor associated with congenital nystagmus Figure 9 shows the head and eye movement records of a woman with congenital nystagmus which was of the sawtooth variety when passive, but changed to the complex waveform shown during reading. Head shaking occurred only when her attention was engrossed in a visual task or when she was tired. It was of relatively small amplitude compared to the eye movements but consisted of a complex waveform which resembled the eye movement waveform in its periodicity. The A common explanation of the mechanism of some cerebellar tremors (Marshall, 1968 ) is that they arise from the hypotonia which is characteristic of cerebellar disease. During posture, through loss of tone the limb is insufficiently supported and tends to fall away. A corrective adjustment is made which leads into a further cycle of oscillation and so forth. This view of the origin of the tremor is incomplete, for spectral analysis of the movement wave form (Gresty and Halmagyi, in preparation) reveals two principal frequencies of movement, one due to hypotonic postural swaying at about 3 Hz, and a second at 4-5 Hz which is apparently an active component. The two combine to give the "ragged" appearance of many cerebellar tremors. The origin of cerebellar tremor iies in hypotonia compounded with deficits in the mechanism responsible for the scaling and timing of neuromuscular signals which brake movement and convert movement to posture. By implication of the clinical context the cerebellum is concerned with these functions.
Conclusions
We have shown that in a variety of diseases the frequency characteristics of head dyskinesias are closely related to the mechanical properties of the head/neck system. A classification of head dyskinesias is elaborated, emphasising this relationship. In particular, distinctions are made between passive dyskinesias caused by neck hypotonia, adaptive dyskinesias sometimes the result of abnormal eye movements, and dyskinesias such as tremor and chorea.
Movement of the head/neck system is of importance to the organisation of whole body movement. We know, for example, that if the neck is deafferented orientation in space is lost although the special senses are intact (Cohen, 1961) . Furthermore. there is the consideration that the 713 head is the platform which carries the special senses and orients them directionally, and to this end much of body movement is subservient. These considerations suggest that a clue to understanding body movement is via examination of their relationship to the static and dynamic requirements of the head.
